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Multiple Production-A New Slogan 
The Necessity for Getting the Most Out of a. Given Quantity of Raw Material by Finding Uses for All of It 
By R. G. Skerrett 
W ITH striking 'unanimity, many of our economic experts have rece!ltly declared that our imme­
diate problem is one of stimulated production. In so 
many words, we are told that our factories and other 
industries must bend their efforts to a greater volume 
of output in order that by this increasel measure of 
commodities the supply will be more nearly commen­
surate with the demand-thus lowering the cost all 
along the line. 
While there is undoubtedly a great deal of sound 
common sense in this dictum, America will· make an 
egregious mistake if she hearken without reservation 
to this appeal for increased output, per Be. In so many 
words, the disposition WOUld. naturally be to turn once 
more, with greater effort, to quantity production-a 
nigh every commercial competitor with which we shall 
ha ve to deal henceforth has taken a leaf from our 
book of industrial life, and we can therefore no 
longer count upon the lead which we have hitherto en­
joyed because of these characteristically American 
methods and facilities. Our rivals are all bent upon 
making the most of quantity production in rehabili­
tating themselves and in bringing their people into 
positions where they can again enjoy formidable 
strength in the realm of international trade. 
What, then, can we do to neutralize this situation? 
Have any of our European competitors set us an ex­
ample which we might in time copy to our material 
advantage? The answer is, Yes. Germany, especially, 
has 'blazed the way for us in the general recognition of 
. -
ing inexhaustible abundance of so many of our basic 
raw materials; but a day of reckoning faces us, and 
the drain upon these gifts of nature are in a fair way 
to be tremendously increased· by the demands of the 
war-wracked nations of Europe. We can supply our 
own needs and those of other' peoples, without grave 
sacrifice, only if we go in generally for multiple pro­
duction wherever that economic procedure be possible. 
How many of us realize the appalling wastefulness 
which is practiced in our inroads upon our timber­
lands? It is authoritatively declared that in turning 
the forest tree into lumber and then into finished prod­
ucts, the original wood is subjected to greater losses 
than any other important raw: material. Remember, 
we cut down every year now fully 40,000,000,000 feet of 
AboIIe: An example of the wute'in stumpage and trimmings, which to the value of millions of dollanl are burned to get rid of them. Below: The sort of slabs which are frequently burned 
as mill waste, but which can be worked into a wide variety of useful a.rticles. Right: Mop handles, brush backs, chair rungs. dowels, shingles, and many 
other things of the sort here shown can just as well be made from trimmings and mill waste as trom boards of standard sizes. 
Some ways in which we can get more value from the same quantity or a single raw material-wood 
form of manufacturing activity which was character­
istically native prior to the world war. Indeed, no 
other country has requmsitloned anything like so large 
a per capita quota of power for its daily requirements 
and conveniences. But the solution not only of our 
present situation but of the near future rests on more 
than mere repetitive operations by which great quanti­
ties of identical articles can be turned out rapidly. 
The world war has profoundly altered our relative po­
sition in the matter. of recourse to mechanical aids as 
an offset to low-priced labor. 
Abroad, the wellnigh insatiable demands of the late 
confiict brought home to substantially all of the Euro­
pean participants the inevitable need for the produc­
tion of vast quantities of munitions while conserving 
the man power of the nation for other purposes. Well-
the economic virtues of multiple production as dis­
tinct from quantity production. That is to say, in her 
isolation and in her dependence upon her own re­
sources, she has demonstrated how much can be gained 
by utilizing carefully first the native raw product and 
then putting to numerous uses successive by-products 
so that the ultimate manufacturing waste was reduced 
to an astonishing minimum. In this way, her tnitial 
commodities have been made marketable at astonish­
ingly moderate prices, and the by-products, so often 
looked upon as industrial wastes here, have been skil­
fully utilized and made to swell handsomely the total 
returns upon the primary raw substance. We, on the 
other hand, despite our quantity production, have 
commonly neglected these subsidiary sources of profit. 
We have been inspired to this carelessness by the seem-
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timber, and the wastage is such that only 320 feet of 
marketable lumber is obtained on an average from 
each 1,000 feet cut in the forest I Take the long-leaf 
'Pine for example. Instead of sacrificing two-thirds of 
the tree, as is now done, that particular branch of the 
lumber industry could be made to furnish us daily 
from the discarded material quite 40,000 tons of paper, 
3,000 tons of rosin, 600,000 gallons of ethyl alcohol, 
and 300,000 gallons of turpentine I 
Thanks to the activities of the United States Depart­
ment of Agriculture, and especially the Forest Prod­
ucts Laboratory, ways bave been revealed by which 
wellnigh every scrap of a tree can be put to good ac­
count, lind the waste material of one plant or factory 
can be utilized gainfully in the manufacture of com­
modities turned out by others. Through the medium 
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of the Wood Waste Exchange much is being done to 
promote the further working up of by- product lumber, 
but the practice is relatively only in its infancy with 
us. Finally it should be kept in mind that the alco­
hol that can be made from sawdust is chemically 
identical with grain alcohol, and therefore valuable for 
many industrial purposes. As a source of energy, in 
place of gasoline, it is used successfully and extensive­
ly abroad. A ton of so-called wood refuse will yield 
as much as 20 gallons of alcohol. 
In the last two or three years every one of us has 
had the value of coal brought home to him more or 
less forcibly or disagreeably: As a people we have 
gone on digging into the bowels of the earth unmind­
ful that we were continually reducing nature's source 
of supply, and doing this in a woefully extravagant 
manner. For anthracite we have been willing to pay 
a higher price because of its comparative smokeless­
ness, and we have considered bituminous coal some­
what contemptuously--<!ondemning it because of its 
smokiness and relegating it to what might be called 
the humbler and dirtier services in the realm of power 
generation. But this grimy fuel is rich in properties 
which we have gone on squandering while some of our 
commercial rivals abroad saw to it that these constit­
uents were reclaimed. In the end, they obtained a 
smokeless fuel in the form of coke in addition to the 
several by- products secured during the coking process 
of the bituminous coal. 
Messrs. Chester G. Gilbert and Joseph E. Pogue of 
(Continued em page 7!) 
A Half-Million Volt Test for High-Voltage 
Insulators 
W HAT is believed to be the highest voltage equip­ment ever built for practical testing purposes Ihas 
recently been installed at Palo Alto, California, for 
the purpose of putting transmission line insula tors 
through a third degree, electrically speaking. This 
equipment permits of tests with voltages up to 500,000 
and frequencies up to 60,000 cycles, continuous oscil­
lation. 
The condenser proper of this testing equipment is 
containM in a structure consisting of a wooden frame 
of studding and rafters lined on the inside with corru­
gated galvanized iron. Immediately in front of the 
doors a concrete pavement has been laid, and it is 
in this space that tlbe tests are made. Under the 
favorable climatic conditions of this location it is not 
considered a disadvantage to have to make tests in 
the open air. 
A Poulsen arc converter of 30-kilowatt rating sup­
plies energy for charging the condenser. For conven­
ience in testing, a projection termed the "turtle neck" 
has been built to extend from the condenser plate to 
beyond the shed and over the concrete 
paving, so that experiments and tests 
may be carried on in the open. The 
"turtle neck" consists of a telescoping 
arrangement of sheet- iron pipe in short 
sections that can be slid in or out to 
secure the length desired. Tests are or­
dinarily conducted between the outer 
end of the "turtle neck" and the ground. 
Where an insulator is to be subjected to 
high-tension tests it is hung from a pole 
near. the entrance to the condenser house, 
and the upper end 'Connected to the 
"turtle neck" wihile the lower end is 
grounded. When the arc generator is 
started up any voltage up to half a mil­
lion may be obtained, depending on the 
atmospheric conditions. The accompa-
nying illustration ShOWiS a discharge across a post-type 
insulator under test. The insulator which is equipped 
with a corona shield, stands 37 inches high, and is 
designed for 1l0,OOO-volt, 6O-cycle works. This flash­
over is occurring at 234,000 volts and 51,000 cycles 
per second. 
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What a quarter-million-volt test means on a 
110,OOO-volt post-type insulator 
The smaller units are rated at 100,000 C.p. and 
the light is said to be highly actinic, which misleads 
cameramen who gage their exposures by the apparent 
volume of light. One unit is sufficient for illuminating 
a large set, and by means of an iris shutter it is pos­
sible to regulate the area of the illumination. Sharp 
Technology students finding the mass of the earth 
shadows can be avoided by the ingenious use of dif­
fusers and reflector screens, just as is now done when 
working in sunlight. The main advantage of the 
searchlight, however, is that the lighting is central­
ized and therefore more convenient and less costly to 
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operate than the usual scattered lighting units. In 
filming night scenes the searchlight has the field to 
itself, since it can flood wide areas with a powerful 
illumination. The more powerful units permit scenes 
to be filmed one-half mile away from the source of 
light. 
Apparently this idea of searchlight illumination, first 
used in the United States, is now being copied by pro­
ducers in other countries. Proof of this is found in the 
accompanying illustration, which depicts a German film 
producer using German army searchlights for noc­
turnal filming operations. 
Weighing the Earth 
A STANDARD experiment which deserves to be carried out more frequently than seems custom­
ary is that of weighing the earth. The fact is, the 
earth weighs something like 6,000,000,000,000,000,000,-
000 tons; as the scientist would put it, 6 x 1()21 tons; 
or in more ordinary language, six billion-million­
million tons. Nor is it such a great trick to find this 
figure with the apparatus that we are able to bring 
to bear upon the problem. 
In this matter we have a little the better of 
Archimedes. He found that to move the earth he 
ueeded an extra- terrestrial resting place for 'a ful­
crum; and had he been asked to weigh the globe on 
which he dwelt, he would doubtless have similarly 
asked for a giant scale-pan large enough to hold that 
globe, and a fixed point among the stars on which to 
hang it. But far from this being any necessary fea­
ture of the determination of the earth's weight, the 
experiment is sufficiently simple for it to be performed 
in the ordinary class- room. In fact, they did it 
only the other day at Massachusetts Institute of Tech­
nology, as some of the daily papers reported at the 
time. The process took only a few minutes, and when 
it was over Professor Louis E. Dorr, in charge, said 
that the errors of observation, and those due to the 
slight fundamental inaccuracy of the scMme employed, 
would at the most amount only to a few million pounds 
in one direction or the other-a mere nothing in pro­
portion to the vast bulk under observation. 
The law of gravitation, which still works so far as 
ordinary observations are concerned, in spite of Dr. 
Einstein's little furore of reecnt date, tells us that 
all bodies attract each other with a force that de­
pends, among other things, upon the relative masses 
of the bodies involved. So the students attached two 
small sDheres, carefully weighed to the most excru-. 
elating accuracy, at the end of a small rod. The 
spheres were freely suspended so that they could be 
swayed in any direction. They were hung by threads 
of quartz drawn out to one-twelfth the thickness of an 
lIverage human hair, so that there Should. be a mini­
mum of torsional resistance to any move­
ment that they were impelled to make. 
These threads, of course, are barely visi­
ble to the eye. 
Next on the list of properties were two 
lead 'balls of about ten pounds each. 
Lead was used in preference to iron in 
order that no magnetic properties might 
interfere with the accuracy of 1!he results 
observed. Placed in the vicinity of the 
SWinging spheres, these lead balls at 
once made their presence felt by an infini­
tesimal deviation of the spheres. The 
distance through which the sDheres 
moved under the attraction of the- lead 
balls was in fact so small that it would 
have been hopeless to attempt its direct 
mea'surement. So it was magnified! 
That is to say, a tiny mirror was attached to the 
quartz thread, close enough to t'he spheres so that its 
movement to all intents and purposes duplicated that 
of the spheres; and these movements were observed 
as reflected in a large mirror forty feet away. 
Searchlights and Motion Pictures 
T HE remarkable night scenes that have now become quite commonplace 
in American photoplays are due in large 
measure to the use of powerful searclh­
lights. In fact, the development of high 
efficiency searchlights for military pur­
poses· led to the in,troduction of this 
means of illumination, and it is held by 
many film men that .the day is not far 
distant when one or more powerful 
searchlights win replace tlbe vast bat­
teries of arc lamps or mercury- vapor 
tubes now employed for illuminating the 
photoplay sets. 
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On the basis of the known weight of 
the tiny spheres and the lead balls, the 
movement which the presence of the lat­
ter caused in the former made it pos­
sible to calculate the force which the 
lead had exerted upon the spheres. At 
the same time, it  was already known 
what force the earth, with its gravita­
tional field, was exerting on 1!he· lead 
balls. So the weight of the earth was 
then found as the fourth member in a 
proportion of elementary simplicity. 
- . '- .� - , . 
German army searchlight used by a German film producer in making 
night scenes 
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The quartz threads used in this experi· 
ment at "Tech." are probably the small­
est ever manufactured. They were pro­
duced 'by melting the ends of quartz 
crystals together and then pulling the 
crystals apart. 
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\Vkt a woven covering 
means to portable 
Multiple Production-A New Slogan recovery of petroleum more dIfficult but 
actually reduces the quantity which can 
be brought to the surface. 
(Continued from page 69) 
There is no intention to do more in the Division of Mineral Technology of 
the United States National Museum have this article than to call to the popular 
made an impressive disclosure of our ac- mind some of the outstanding direction!' 
customed wastefulness In burning raw in which we ·abuse, by inadequate utili. 
bituminous coal. The figures they 'have zation, the raw materials which nature 
given are based upon the 1915 price of has lavishly placed at our disposal and 
coal at the mine-$1.13 ,a ton, which was of which there are definite limits to the 
the charge prior to the greater cost in- supplies in reserve. In hundreds of di. 
dueed by war conditions. SimUarly, the rections we V'iolate in our industrial lifE' 
value of the by-products represents the the prinCiple of multiple production, and 
prices prevailing four years ago, and, we do this through wilfullnes or indif.· 
relatively, this data applies with reasona- ference and not because skill and knowl­
ble accur.acy now. These experts show edge are lacking here to guide us along 
that a ton of bituminous coal contains more profitable paths. 
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electric cord 
P
ORTABLE electric cord is only as good 
as the covering that protects it. What 
kind do you choose - a thin strand, braided 
covering-or Duracord 1 
Duracord is different. It has a covering 
of thick, heavy strands 'Woven like fire hose. 
It can be battered and pounded and abused 
and stands up as no other cord will. 
In laboratory.tests it resisted the pound­
ing of heavy hammers, twenty times longer 
than ordinary braided cord. I t stood fifceen 
times the abrasion of ordinary cord. In 
actual use it has proved itself so many times 
superior to other cords as to be a positive 
economy. 
Shipbuilders, manufacturing plants of all 
kinds, theatres, mines, railroads, etc. ,are speci­
fying Duracord wherever a portable electric 
cord is required to withstand hard service. 
Duracord will save you money-it will 
make money for you if you use it in your 
product. But don't buy it until you see for 
yourself why it is so good. 
Send for samples of Duracord and ordi­
nary cord - test them, compare them in 
every way. Ask your electrical jobber about 
Duracord or write us. 
TUBULAR WOVEN F ABR)C COMPANY 
Pawtucket, R. I. 
],fakers of I>uraduct the flexibw nO'1lrl1&etallic r.onduit, 
and tubular 1D01>8n fabrir.s of all kinds. 
1,500 pounds of coke (a better fuel for If one will but inquire, even superfi. 
ma.ny purposes than the coal itself), 10,- cially, into "'hat Americans have made 
000 cubic feet of gas, 22 pounds of am- possible thrQugh industrial research in 
monium . sulfate, 2% gallons of benzol the last ten years or so it will be clear 
and 9 gallons of tar-the total value of how many amazing things have been 
this outfit being, at the 1915 process, no achieved which, if widely applied, would 
less than $15.59. If we subtract $1.13 lead to economies or to· material benefits 
from $15.59, the remainder, $14.46, is the amounting to possibly billions of dollars 
material wealth which we pretty gener- annually. By·products can undoubtedly 
ally cast to the winds by way of the be made the means of lowering the cost 
smokestack wit'h every ton of bituminous of main products, and this wlll inevitably 
coal that we burn a8 8uch in steam plants, affect the pocketbooks of all of us while 
furnace, etc. True, we are coking bitu- -helping us to compete successfully with 
minous coal to a greater extent than the foreigner, particularly in the field of 
heretofore in retort ovens which permit world trade. 
of the recovery of the by·products in A vital example of multiple production 
question; but this practice is by no in this country, in the realm of human 
means upon the magnificent scale that it food, has been furnished by the figures 
should be. published by one of America's great pack-
Taking up the next basic raw material, ing concerns. With the average steer 
of which we use enormous and steadily costing $84.45, and the average price re­
increasing quantities, petroleum furnishes ceived for the meat amounting to but 
us with another example of American $68.97, still, by reason of very close utili­
wastefulness-a direction in which multi- zation of by-products, bringing in $24.09 
pIe production can be resorted to with per animal, it has been found practica­
potential savings running high into hun- ble to realize'll. gross profit per steer of 
dreds of millions of dollars annually. $8.61! Most of us are aware of the 
Petroleum, like bituminous coal, is rich financial pOSition enjoyed by these big 
in derivatives which are susceptible of purveyors to our creature wants. Simi­
recovery by suitable processes, and, there-· larly, large numbers of our other enter· 
fore, these values are squandered when prises could be turned into industrial 
the crude oil is burned In the furnace of I giants by a kindred adoption of multiple­
a steam plant. The measure of this sac- production practices. European!$ are go· 
rifice becomes plain if the reader be re- ing to enjoy both quantity produ('tion and 
minded that more than half of the crude multiple production to put them on their 
oil produced in this country yearly is feet again and to make them strong in 
used as liquid fuel for steam raising. j the field of foreign commerce. Eventu­
This amount includes both the crude pe- ally, we must do the same: the sooner 
troleum employed directly for fuel pur- the better. 
poses as well as the fuel oil turned out 
by the petroleum refineries of the nation. Some Phases of Reconstruction 
There is a steadily growing demand for (Continued from page 60) 
fuel oil because of the greater ease with The wind was succeeded by consuming 
which it can be handled and the better fire.· Again the prophet saw with the 
results realized when burned under R eye of his mind that his God was not in 
boiler compared with the use of coal for the fire. After the fire there came a still, 
the same service. From crude 011 as a small voice, and then the mind of the 
basic raw material, it is possible to ob- prophet knew he was in the presence of 
tain, by refining, gasoline, kerosene, fuel the Lord. We are not to mistake the 
011, lubricating oils, 'benzine, vaseline, ·noise of the bomb or the fire of the radi­
paraffin, asphalt, petroleum coke, dyes, cal or the wind of the weekly editor for 
and hundreds of other useful materials. the voice of the American people. 
At the present time something like five The Lord in our story could speak in a 
per cent of fue crude 011 handled by the still, small voice, for His was the con­
refineries is counted as waste. This, in sciousness of power, which needs not to 
V1iew of the fact that we· are consuming be turbulent to be strong. The American 
close on to 500,000,000 barrels of petro- people speak naturally with the quiet. 
leum yearly, gives some idea of the loss ness of conscious strength. While on' the 
entailed even In this seemingly modest surface of their life the demagogue may 
percentage. But if we remember that a rant, and the anarchist may proclaIm, 
very large part of the petroleum drawn and the extremist, whether for capital or 
from our wells is used without yielding for labor, may shriek with equal futility, 
any of its valuable derivatives through the thing we are to find, if we can, is 
the agency of the refinery, we get a more what saith the still, small voice of Amer­
illuminating grasp of our present spend- ica today concerning the great basic 
thrift habits in this department of our facts of work and industry? 
raw materials. That voice will not shout from the 
It is a matter of record fuat in our housetops. It will do its quiet work 
withdrawal of petroleum from its under- within the factory, large or small, where 
ground reservoirs we have permitted to men are busy, where speeches are not 
go to waste natural gas representing the made, and radical editors do not trou­
fuel equivalent of· millions of tons of ble. Believe me, just as sticks and ref­
coal; and we are informed that quite half use that float upon the stream are not evi­
of the natural gas developed up to date dence of its power, so the true currents 
has been made no use of whatever, de- of our own life lie deep and flow strong­
spite the fact of its very superior quali- ly and without noise. 
!lies. Apart from these 10S!les through T,hls Is what one who looks closely will 
·fallure to control the escape of the gas, Its see, unless I am deceived. Many there 
exhalation leads to a reduction of pres- are that see it; and, as the prophet was 
sure upon fue subterranean oil, and this I comforted to find that he did not stand 
dissipation of energy makes not only the I (Continued on page 74) 
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